Objectives-Bladder exstrophy is a rare severe congenital malformation. Early prenatal diagnosis is scarcely described in the literature. Low insertion of the umbilical cord is a constant anatomic feature of bladder exstrophy. The aim of our study was to assess whether early measurements of the umbilical cord insertion-to-genital tubercle length may serve as quantitative measurements for a low-inserted umbilical cord in cases of bladder exstrophy.
B
ladder exstrophy is a rare congenital complex malformation. Both environmental and genetic mechanisms are thought to be involved in the pathogenesis; however, the underlying cause is largely unknown. In a large recent nationwide Swedish casecontrol study, 1 the prevalence in Sweden was reported as 3 per 100,000. Although the authors reported an equal sex ratio, others have reported a male-to-female ratio of 2.5:1.
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Although it has been reported in association with other anomalies such as OEIS (omphalocele, exstrophy, imperforated anus, and spinal defects), [5] [6] [7] according to the Swedish study, bladder exstrophy generally occurred as an isolated malformation without major associated malformations, and advanced maternal age was the only significant potential maternal risk factor.
Prenatal diagnosis of bladder exstrophy has been reported in the literature 2, [8] [9] [10] [11] [12] [13] [14] [15] ; however, most cases remain undiagnosed until delivery, with a prenatal diagnosis rate of 15%. 8, 14, [16] [17] [18] [19] [20] Various pitfalls may challenge prenatal diagnosis of bladder exstrophy. In classic exstrophy of the bladder, it is everted through a low abdominal wall defect, and the mucosa is exposed to the amniotic fluid, resulting in absence of bladder filling. This sign, however, may not be present during early gestation because of limited fetal urine production.
Goldstein et al 18 reported a case of bladder exstrophy in which the urachus resembled the normal bladder.
Other low abdominal cystic findings should be well differentiated from a normally positioned fetal bladder. In rare cases, pseudoexstrophy (skin-covered bladder exstrophy) may exist. [19] [20] [21] Early diagnosis of bladder exstrophy carries the opportunity for valid prenatal counseling about the longterm quality of life prognosis in adults affected by bladder exstrophy, particularly with regard to urinary continence and sexual and reproductive problems in male and female individuals, and enables a therapeutic termination of pregnancy within the temporal limits stated by laws and parental moral views. 22 Unfortunately, the above-mentioned diagnostic criteria are subjective and reported mainly in the second trimester of pregnancy. The aim of our study was to assess the utility of a quantitative tool for early diagnosis of a low-inserted umbilical cord in cases of bladder exstrophy.
Materials and Methods
A prospective trial was conducted at the Chaim Sheba Medical Center over 10 years from 2005 to 2015. The study protocol was approved by the local institutional Ethics Committee, and informed consent was obtained from the patients.
All cases referred for suspected bladder exstrophy before 18 weeks' gestation were evaluated. The distance Measurements of the fetal umbilical cord insertion-to-genital tubercle length in the study group as function of gestational age plotted on normative data 23 (mean and upper and lower 95% prediction limits). Gray triangles indicate bladder exstrophy; and black triangles, normal bladder.
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from the umbilical cord insertion to the genital tubercle was measured in a midsagittal plane as in nuchal translucency assessments, with the fetus in a neutral position. A tracing caliper was placed on the lower part of the umbilical cord insertion and dragged along the surface of the abdominal wall to the inferior part of the genital tubercle, as described in a previous work by our group. 23 The measurements were performed in addition to a detailed anatomic scan with a focus on the urinary bladder and fetal genitalia (Figure 1 
Results
During the study period, 15 fetuses were evaluated for a nonvisualized bladder at a mean gestational age of 15.7 weeks (range, 14-17 weeks). Of them, 6 cases were diagnosed with bladder exstrophy, and 9 cases had a normal urinary bladder. All cases with bladder exstrophy had an umbilical cord insertion-to-genital tubercle length below the fifth percentile for gestational age (Figures 2 and 3) , whereas cases with a normal bladder had a normal measurement. Cases that were referred for a nonvisualized bladder and had a normal umbilical cord insertion-togenital tubercle length measurement were rescheduled for a second examination about 1 hour later. In all of those cases, the urinary bladder was observed, and the diagnosis of bladder exstrophy was excluded. In all cases diagnosed with bladder exstrophy prenatally, the parents elected termination of pregnancy, and a postabortal examination confirmed the diagnosis (Figure 4 ).
Discussion
The embryologic pathway and pathogenesis of bladder exstrophy remain unclear. The leading theory is abnormal migration of mesenchymal cells between the ectoderm of the abdomen and the cloaca during the fourth week of gestation, leading to absence of muscle and connective tissue over the anterior abdominal wall. Another recent theory is the occurrence of pubic bone disruption after the embryogenic phase, leading to pubic diastasis, which causes tension on the anterior abdominal wall and urinary bladder and finally disruption and rupture. 24, 25 Low insertion of the umbilical cord, which is a consequence of a disrupted abdominal wall, is a well- Fishel-Bartal et al-Early Diagnosis of Bladder Exstrophy described feature of bladder exstrophy. 11 However, this feature is subjective and operator dependent. The aim of our study was to assess the utility of a quantitative tool for early diagnosis of a low-inserted umbilical cord as a diagnostic feature of bladder exstrophy.
In 2011, our group published normative data for the fetal umbilical cord insertion-to-genital tubercle length from 12 to 18 weeks' gestation, defining the mean and 95% prediction limits for each gestational week. 23 The results of this study show that fetuses with bladder exstrophy have a short umbilical cord insertion-to-genital tubercle length (below the fifth percentile for gestational age) compared with the general population. This measurement may serve as a complementary objective sonographic parameter in the prenatal assessment and counseling of cases suspected of having bladder exstrophy.
In our population, most women undergo an anatomic scan during the early second trimester (14-15 weeks' gestation). We are aware that in most countries this examination is not the common practice, which might limit the application of our results, since after 20 weeks' gestation, other sonographic signs of bladder exstrophy are more clear. However, as the field of prenatal diagnosis shifts toward first-trimester fetal assessment [26] [27] [28] with earlier diagnosis of major anomalies, measurement of the umbilical cord insertion-to-genital tubercle length may become a valuable tool. In our cohort, we had only 1 case measured at 14 weeks' gestation; therefore, large prospective studies are needed to assess whether this measurement is valuable during the first trimester as well.
All in all, bladder exstrophy is a major, severely debilitating malformation with a paramount impact on the quality of life. Our study shows a short umbilical cord insertion-to-genital tubercle length in fetuses with bladder exstrophy compared with the general population as early as 14 weeks' gestation. This measurement may serve as a complementary objective sonographic parameter in the prenatal assessment and counseling of cases referred for suspected bladder exstrophy.
